Abstract -In this work we focus on P doping of Si nanocrystals (NCs) embedded in a SiO 2 matrix. We prove that, at equilibrium, high P concentrations within the Si NCs are thermodynamically favoured. We experimentally estimate the energy barriers for P diffusion in SiO 2 and trapping/de-trapping at the SiO 2 /Si NCs interface, obtaining a complete picture of the system at equilibrium.
I. INTRODUCTION
Deterministic doping of nanostructures is a key challenge for the fabrication of future advanced nanoelectronic devices. [1, 2] . Unfortunately, a clear understanding of nanoscale doping is not available yet, as the physical mechanisms involved in this process are significantly different from those of bulk materials due to additional constrains related to the presence of the interfaces and of the surrounding oxide matrix. In this regard, Si NCs embedded in a SiO 2 matrix represent a paradigmatic system for the physical understanding of dopant incorporation in Si-based nanostructures. [3] [4] II. RESULTS
We investigate the thermodynamic stability of P dopant impurities in Si nanocrystals at thermodynamic equilibrium. To achieve this goal we fabricated samples with controlled diffusion sources that are spatially separated from the nanocrystals and we delivered a controlled amount of dopant atoms from the dopant source to the nanocrystals by diffusing the dopants trough the SiO 2 matrix (Fig. 1) . Energy Filtered Transmission Electron Microscopy (EF-TEM) was used to measure the size of the Si NCs (4.0 nm) and to demonstrate their stability during the P diffusion process (Fig. 2) . P diffusion trough the SiO 2 matrix and incorporation in the Si NCs was monitored by a calibrated time of flight secondary ion mass spectrometry (ToF-SIMS) (Fig. 3) and X-ray photoelectron spectroscopy (XPS). (Fig. 4) The combination of the spatial and chemical information, obtained from ToF-SIMS and XPS analysis respectively, allowed determining the amount of P atoms effectively trapped (6 %) within the Si NCs and to demonstrate the possibility to largely exceed the P solid solubility in bulk Si. A simple model based on diffusion Fick's law in one dimension is used to determine the energy barrier (1 eV) that prevents P release from the Si NCs.
III. CONCLUSIONS
We demonstrate that high levels of impurities can be introduced in the Si NCs in a stable configuration by a simple solid-state diffusion process. The dopant content can be finely tuned by properly adjusting the annealing conditions. This methodology provides a simple way to introduce dopants in Si nanostructures and it is fully compatible with the stringent technological constrains of semiconductor industry 
